During the course of microsporogenesis an interesting phenomenon of migra tion of a part or whole of the chromatin material from the nucleus of one pollen mother cell into the cytoplasm of the adjacent one or more pollen mother cells has been observed in a number of plants belonging to the family Scrophulariaceae. Originally the phenomenon is known as cytomixis but some authors have described this phenomenon under the term transmigration. The phenomenon was reported in a number of plants belonging to different families of angiosperms (Gates 1911 , Kamara 1960 , Bell 1964 , Gottschalk 1970 , Omara 1976 , Spare 1978 , Thakur 1978 , Lakshmi and Raghavaiah 1981 . The phenomenon of cytomixis was more com monly observed in treated plants, hybrids, apomictic etc. However, the occur rence of this phenomenon in plants growing in naural condition are rare.
In the present investigation cytomixis has been recorded in the plants col lected from nature. However, in almost all the plants undertaken for present investigation except Lindenbergia indica the phenomenon has been reported for the first time.
Materials and methods
Each plant undertaken for present investigation was collected from five dif ferent localities. But cytomixis was recorded in plants of few localities as men tioned in Table 1 . Suitable flower buds were collected at random from natural populations and fixed in Carnoy's fixative. Stages of meiosis were studied by squashing anther in 2 per cent aceto-carmine. Photomicrographs were taken from temporary slides.
Some of the fresh buds thus collected were embedded in the paraffin for micro tome section.
Observations
Plants taken for present investigation were observed minutely both morpholog ically and cytologically. No remarkable morphological variation was observed between the normal plants and the plants showing the phenomenon of cytomixis.
Cytologically certain deviations were observed from the normal meiosis due to cytomixis. Percentage of meiotic deviation was observed to vary from species to species and even from population to population within the species.
In about 11 to 40 per cent of the total PMCs counted cytoplasmic connections were observed at various phases of division through which chromatin material from the nucleus of one pollen mother cell passes into the cytoplasm of adjacent PMC. The quantity of chromatin material migrating from one FMC into another has been found to vary. In some cases a single chromatin thread was seen passing from one PMC to another (Fig. 1) , whereas in some other cases migration of entire Table 1 . List of materials with locality and period of their collection chromatin material occurred from one PMC into another (Fig. 5) . Normally two PMCs were seen involved in this phenomenon at a time (Figs. 1, 2, 3) . Occasional ly about 4 to 7 pollen mother cells were seen involved in this phenomenon at a time, forming a chain or a group (Figs. 4, 7) . As a rule, the flow or migration of the chromatin material from one PMC into another was found to be unidirectional . A PMC could be seen donating its chromatin material to one and receiving chro matin material simultaneously from another in the chain (Figs. 7, 8) . Some aber ration from this trend has also been observed. Sometimes, a pollen mother cell has been seen passing its chromatin material to two different cells in two different directions at a time (Figs. 5, 6) . As a result of this the donor cell become almost empty or enucleate. Presence of PMCs with an additional mass of chromatin material at diakinesis and metaphase I (Fig. 9) , as well as with more than normal chromosome number and less than normal chromosome number was also observed which could be attributed to this phenomenon.
In the plants undertaken for present investigation varying percentage of PMCs were seen involved in the phenomenon of cytomixis at different phases of division as shown below.
In Bacopa monnieri, Centranthera tranquobarica, Limnophila indica, Lindernia ciliata, L. parviflora, L. verbaenifolia, Mazus pumilus and Sutera dissects, about 11 to 18per cent of the PMCs mainly at metaphase I were seen involved in the phe nomenon of cytomixis. Only 5per cent PMCs were seen migrating their chromatin material from one PMC to another at late stages of division. Whereas in Dopa trium junceum, Lindenbergia indica and Lindernia crustacea percentage of affected PMCs were more and it was ranging from 26 to 40 per cent at metaphase I and reduces to 30 per cent at anaphase I and II, in Lindenbergia indica, 15 and 20 per cent in Lindernia crustacea and Dopatrium junceum respectively. The phenomenon of cytomixis has also been observed in quite a large number of PMCs in microtome preparations. In these preparations some somatic cells were also seen involved in this phenomenon, of course the percentage of such somatic cells were very low.
Discussion
It has already been pointed out that the materials of each species have been collected from five different populations growing in five different localities and meiotic studies have been made in all the plants in great detail. The phenomenon of 'Cytomixis' was found to be less pronounced in Bacopa monnieri, Limnophila indica, Lindernia parviflora, Lindernia verbaenifolia, Mazus pumulus and Sutera dissecta and it was more pronounced in Dopatrium junceum, Lindenbergia indica, Lindernia ciliata and Lindernia crustacea than in any other species.
Gates (1911) first described this phenomenon under the term 'Cytomixis'. Since then, it has been reported in many plants but its causes and significance still remain disputable. Some workers consider it to be an artifact arising out of faulty preparation and still others as a pathological manifestation. Bhandari et al. (1969) hold that cytomixis occurs commonly during cell division in many plants. On the other hand, Bell (1964), de Nettancourt and Grant (1964) and Tai et al. (1972) thought that hybridization or some unknown physiological disturbances caused this phenomenon. Kaul (1971) is of the opinion that some chemicals which cause stickiness of chromosomes, may be responsible for cytomixis .
In the present investigation in spite of all possible precautions, the phenomenon has been observed in quite a large number of my preparations. Therefore there is no reason to believe at present that they are artifacts. Moreover, the phenomenon has also been seen in the paraffin section of the fresh materials.
In the phenomenon of cytomixis two or more pollen mother cells at the same phase of division are always involved together. The involved cells are connected together by thin cytoplasmic strands through which a part or whole of the chro matin matter of one PMC migrates into another. When more than two PMCs are simultaneously involved together, the chromatin matter passes from one into the second, from second into the third and so on. The flow is generally unidirec tional. Unidirectional flow of chromatin material from one PMC into another in a series during this phenomenon has been regarded as an essential characteristic feature of the phenomenon by Gottschalk (1970) . However, instances have been found during the present investigation in which one donor PMC has been seen donating its chromatin matter simultaneously to two PMCs through two independent cytoplasmic strands. Such instances may be aberrations of the pattern described by Gottschalk (1970) .
In case where the entire chromatin matter of the donor cells migrated to the recipient cells, the former become empty. However, this has been found to be a rare occurrence. In case of migration of only a part of the chromatin matter, the donor cells have been found to contain less than the normal number of chromosomes and recipient cells with more chromosomes. Sometimes some (recipient) cells have been observed with additional mass of chromosomes which did not pair with the normal chromosomes but did so among themselves and went on further division separately. Such a situation has also been observed in pearl millet by Pantulu and Manga (1972) and in Verbascum chinese by Biswas (1975) . Fate of such ad ditional masses of chromosomes is not known definitely but they probably form either micronuclei or micropollen. Loss of chromosomes in meiotic and somatic cells has been noticed in Gossypium by Sarvella (1958) . According to Thakur (1978) , a loss or gain of one or more chromosomes has two obvious possibilities; firstly extremely deficient gametes will be lethal and will be eliminated and secondly, those gametes which contain chromosome number different from the normal and are able to survive may be responsible for producing aneuploids. In case where migration of entire chromatin material takes place, there is the possibility of origin of polyploids.
The phenomenon has also been reported in somatic cell preparations. Bowes (1973) has observed numerous stages of cytomixis in root apices of Allium cepa. This has more often been reported in materials under experimental condition as a manifestation of some changes in the genetic material after application of high temperature (Biswas 1975) or as a result of application of some chemicals (Bobak and Herich 1978) .
After a careful examination of all the cases of migration of chromatin material met with in the present investigation, it appears that Gottschalk's (1970) view is more reasonable explanation for the situation. Environmental conditions may also, to some extent, be responsible for this.
Abstract
The phenomenon of 'Cytomixis' during microsporogenesis in 11 species be longing to 8 genera of the family Scrophulariaceae are reported. In almost all the species except Lindenbergia indica the phenomenon has been reported for the first time. The phenomenon has been observed in the material collected from natural populations. Number of chromatin material migrating from one PMC to another vary from one to entire. Normally only two PMCs were seen involved at a time, but in some cases 4 to 7PMCs were seen involved in the phenomenon at a time, forming a chain or a group. As a rule the flow of chromatin material from one PMC to another was found to be unidirectional but sometimes, a PMC has been seen passing its chromatin material to two different PMCs in two different direc tions at a time. Different possible reasons pertaining to this phenomenon and its significance to evolution has been discussed. 
